Purpose: The purpose of this intervention study was to investigate if a low-dose of plyometric training (PT) could improve sprint and jump performance in groups of different maturity status. Method: Male youth field hockey players were divided into Pre-PHV (from -1 to -1.9 from PHV; Experimental: n = 9; Control = 12) and Mid-PHV (0 to +0.9 from PHV; Experimental: n = 8; Control = 9) groups. Participants in the experimental groups completed 60 foot contacts, twice-weekly, for 6 weeks. indicate that more mature hockey players may benefit to a greater extent than less mature hockey players from a low-dose PT stimulus. Sixty foot contacts, twice per week, seems effective in improving short sprint performance in Mid-PHV hockey players.
Introduction
Field hockey is a high-intensity team sport that requires players to engage in multiple short-distance sprints intermittently over the course of a competitive game (8, 26). With similar physiological demands to soccer (26), the performance of skills such as tackling and ball striking require players to express high force output with jumping, accelerating and decelerating also dependent on this ability (9, 29). In movement terms, the sport is characterised by multiple changes of direction, often in a semi-crouched posture which increases energy demand (8). Directly related to this, sprinting and jumping are important determinants of athletic performance in youth sport and should thus be targeted through physical training (2). An individual's ability to efficiently utilise the stretchshortening cycle in such movements is an indicator of good athleticism and plyometric training (PT) has been shown to be an effective way in which to enhance this ability (36).
Because adaptations to PT may differ between youths of different maturity status (36), appropriate planning is likely to be a crucial element in the long-term periodisation of training. Previously, a trigger hypothesis has been proposed (22), suggesting that a maturational threshold may moderate responses to training around the time of peak height velocity (PHV). A longitudinal investigation (39) of physical parameters in youths supports this position, suggesting that an interaction between training and maturation may enhance sprint and jump performance at the time of PHV. This is supported by an earlier review (51) which stated that the greatest increase in physical performance was concomitant with progressing maturation in boys. However, the results of a recent meta-analysis (36) suggest a lowered response to PT around the time of PHV, contrasting with a higher level of trainability in the Pre-PHV phase (<13 years of age).
The results of that meta-analysis are in line with PT studies (42-44) that have measured biological maturity status with the maturity offset (34). However, because very few researchers have compared groups of heterogeneous maturity status within the same study, it has thus far been difficult to accurately gauge the effect of biological maturation on adaptations to PT. Furthermore, comparisons between studies which use the maturity offset and those which account for participants' Tanner stage (30, 31) can be difficult to make as the latter measure refers to stages of pubic hair and genital development (27) whilst the former is related to anthropometric variables (34).
In addition, the minimum effective dose of PT has not been rigorously described in the for athletic programing as the application of the minimum effective dose could be an integral element of athletic development given the recent debate on overuse injury and burnout in youth sport (7). The importance of this is further emphasised by recent guidelines on strength and conditioning training in youths which broadly suggest 2, 3 or more sessions per week whilst acknowledging the confounding variables of volume, intensity, exercise type and degree of difficulty on the stimulated response (11). To date, the guidelines on PT in youth remain vague, particularly for the sport of field hockey with most PT research on male youths carried out in soccer (36).
Because of these limitations and conflicting results, it is unclear if there is an optimal time for the prescription of the minimum effective dose of PT in youth hockey players and this warrants further investigation. In light of these observations, the current investigation sought to examine the effects of a low-volume, low-intensity plyometric warmup protocol on sprint and jump performance in youth hockey players, comparing responses in prepubertal (Pre-PHV) and midpubertal (Mid-PHV) male participants. A second objective was to examine the effectiveness of a minimum effective dose of PT that could be conveniently applied within a short timeframe around primary sports training.
Methods

Participants
Thirty-eight male youth field hockey players completed this study. They were recruited through a local school which competes against other schools in the area and were allocated into experimental (n = 17) and control (n = 21) conditions. This was based on the school team that they played for and the number of participants that could be recruited from each. We did not use playing position either as an inclusion or exclusion criteria. The participants carried out two hockey training sessions per week in addition to one competitive game against other school opposition. None of the participants in either group were carrying out a systematic fitness program. However, aside from their primary sport, they were involved in an intensive physical education program and military-style exercises on a daily basis. The characteristics of the participants are shown in Table 1 . The study was approved by the institutional review board and participants provided informed parental consent to take part.
Pre-PHV Group
Experimental (n = 9) Control (n = 12)
Age (years) 12.6 ± 0.7 12.8 ± 0.8
Maturity offset (years) -1.5 ± 0.3 -1.4 ± 0.3
Maturity offset range (years) -1 to -1.9 -1 to -1.9
Height (cm) 155.4 ± 5.1 160.4 ± 5.5
Sitting height (cm) 76.6 ± 2.9 76.7 ± 2.4
Mass (kg) 50.9 ± 8.7 52.9 ± 9.0 Unilateral forward hops 1 5 each side Table 2 Order and arrangement of warm up and plyometric protocol
Mid-PHV Group
The plyometric element of the warm-up was preceded by a number of dynamic mobility drills performed over a 15 m distance. Between each plyometric exercise, upper body mobility drills were performed to afford the lower body musculature adequate rest between each set of jumps or hops. This equated to around 60 seconds of rest between each plyometric drill.
During the plyometric exercises, participants were encouraged to be as "explosive" as possible within the boundaries of their own capabilities, being requested to take a brief pause (2 secs approx.) between repetitions if required, or if elastically repetitive jumps proved difficult to perform. As their capabilities improved, participants were encouraged to undergo fewer pauses between repetitions and to transition seamlessly from one jump into the next.
The entire warm-up took approximately 12 minutes to complete.
Statistical Analysis
Magnitude-based inferences were used to quantify changes in each group. Uncertainty in these estimates was represented by 90% confidence limits. Effect sizes were interpreted using outlined conventions (<0.2 = trivial; 0.2-0.6 = small, 0.6-1.2 = moderate, 1.2-2.0 = large, 2.0-4.0 = very large, >4.0 = extremely large) (19). These methods were preferred to traditional null hypothesis testing which can be ineffective in gauging practical importance (19). This is particularly relevant in studies of physical performance which have small sample sizes (46).
The estimates were considered unclear when the chance of a beneficial effect (an improvement in performance of >0.20) was high enough to justify use of the intervention, but the risk of impairment was unacceptable. An odds ratio of benefit to impairment of <66 was representative of such unclear effects (33) . This odds ratio corresponds to an effect that is borderline possibly beneficial (25% chance of benefit) and borderline most unlikely detrimental (0.5% risk of harm). This was calculated using an available spreadsheet developed by (20) . Otherwise, the effect was considered as clear and was reported as the magnitude of the observed value, with the qualitative probability that the true value was at least of this magnitude (33) . The scale for interpreting the probabilities was as follows: possible = 25-75%; likely = 75-95%; very likely = 95-99.5%; most likely>99.5% (19).
Effects were considered unclear if the confidence interval overlapped thresholds for substantial positive and negative values. Otherwise, the effect was clear and reported as the magnitude of the observed value with a qualitative probability (19, 33) . Analyses were conducted within all groups to examine the effectiveness of the PT program and between training and control groups to examine effectiveness of the PT program at different maturity levels compared to the control condition.
Reliability of performance measures was assessed using the intraclass correlation coefficient which was 0.94, 0.90 and 0.96 for the CMJ, 10 m and 30 m respectively.
Results
Effect sizes and their descriptors, in addition to likelihood estimates of beneficial effects for the respective analyses are shown in Table 3 .
Within-group analysis showed that the PT program was specifically effective in enhancing 10 m performance in the Mid-PHV group. All performance parameters in the experimental groups were at least maintained with effects generally of greater magnitude in the Mid-PHV group. Control groups demonstrated performance decrements in most performance parameters but this was more pronounced in the Pre-PHV group. Decrements were generally of a similar magnitude to performance improvements.
Between-group analysis showed that the Mid-PHV group had small to moderate increases in all performance parameters with effects largest and most likely in CMJ and 30 m sprint. The Pre-PHV group showed performance decreases across all tests. We sought to examine the effects of a low-volume, and low-intensity PT program on sprint The finding of most interest in the within-group analysis was that the applied dose of PT 10 resulted in a larger increases in 10 m sprint performance in the Mid-PHV than in the Pre-
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PHV group with the latter failing to exceed the 'smallest worthwhile change' of 0. 
25
In line with these latter interventions, the larger effects in the Mid-PHV group in the 26 current study could be explained by the potential existence of a maturational threshold which 27 is signalled by the development of hormonal profiles and the musculoskeletal system around youths (32). Rumpf et al. (48) showed that stretch-shortening cycle activity progressively 37 increased as youths matured with vertical tendon stiffness (33.3%), leg stiffness (22%), 38 eccentric muscle action (89.6%) and concentric muscle action (56.6%) all greater in Mid-
39
PHV than they were in Pre-PHV. The authors found that the musculotendinous tissue of 40 younger boys is more compliant than that of older boys, meaning that maturation exerts an 41 effect on the ability to utilise the stretch-shortening cycle. It may be that the hormonal and musculotendinous profiles of the Mid-PHV group could have made them more receptive to 43 the effects of the low volume PT stimulus.
44
The current results are also in line with previous longitudinal research in youths that suggests processes, sprint and jump performance may be more likely to be enhanced by PT in Mid-
60
PHV youths than it is in Pre-PHV youths (37, 39).
61
Another finding of interest was the small decrements in performance generally seen across showed differences between the maturity groups, they do not necessarily explain the 127 mechanism of adaptation meaning more research in this area is required. suggestion that the dose of PT in the current study would not be sufficient for that purpose. 
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